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[57] ABSTRACT

An engine turbo-supercharger including an exhaust gas
turbine provided in the exhaust gas passage of an en-
gine, a compressor provided in the intake passage of the
engine and adapted to be driven by the turbine, a vari-
able nozzle being provided in the exhaust gas passage
upstream the turbine for changing an effective area of
the exhaust gas passage leading to the turbine. The
variable nozzle has a first position wherein a smaller
effective passage area is provided and a second position
wherein a larger effective passage area is provided, a
bypass passage being provided in the exhaust gas pas-
sage and bypassing the turbine, a bypass valve for open-
iIng the bypass passage when the intake pressure of the
engine increases beyond a predetermined value so that
the intake pressure is maintained below the predeter-
mined value. An engine intake gas flow detecting de-
vice 1s provided for detecting a physical value relating
to the engine intake gas flow, a control circuit for de-
tecting an engine operating condition wherein the en-
gine intake pressure becomes the predetermined value
when the variable nozzle is in the second position and
moving the variable nozzle to the second position when
the engine operating condition is detected.

17 Claims, 4 Drawing Sheets
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1
ENGINE TURBO-SUPERCHARGER CONTROL

BACKGROUND OF THE INVENTION

The present invention relates to an engine turbo-
supercharging system, and more particularly to a turbo-
supercharger having an exhaust gas turbine for driving
a supercharging compressor. More specifically, the
present invention pertains to a turbo-supercharger
wherein the exhaust gas passage for leading the exhaust
gas to the exhaust gas turbine is of a variable passage
area.

DESCRIPTION OF PRIOR ART

A turbo-supercharger is a system having an exhaust
gas turbine which recovers the exhaust gas energy to
drive a supercharging compressor, so that it is effective
to increase the engine intake charge to thereby increase
the engine output. The turbo-supercharger generally
includes a bypass passage which bypasses the exhaust
gas turbine and a bypass valve which normally closes
the bypass passage but opens the passage when the
supercharging pressure increases beyond a predeter-
mined value so as to prevent the supercharging pressure
from increasing excessively.

In case where the turbo-supercharger is applied to an
automobile engine which is normally used in a wide
speed range, a satisfactory supercharging effect is ob-
tained only under a limited region of the speed range.
More specifically, where the exhaust gas turbine is de-
signed so that a desired supercharging effect is obtained
under a high speed range wherein the quantity of the
exhaust gas is relatively high, it becomes difficult to
obtain a desired supercharging effect under a low speed
range, because the exhaust gas flow speed under a loss
engine speed decreases at the exhaust gas turbine. To
the contrary, where the exhaust gas turbine is designed
so that a satisfactory result is obtained under a low
engine speed, an increased amount of exhaust gas must
be bypassed resulting in a low of the energy contained
in the exhaust gas.

In order to solve the problems in the turbo-super-

charger described above, proposals have been made, for

example, by Japanese laid-open patent application No.
58-18522 to divide the exhaust gas passage leading to
the exhaust gas turbine into a plurality of sub-passages,
for example, into a main passage and an auxiliary pas-
sage, and provide the auxiliary passage with a shut-off
valve. With this structure, the shut-off valve is closed
under a low speed engine operation so that the exhaust
gas 1s passed only through the main passage. Thus, it
becomes possible to increase the exhaust gas flow speed
to thereby obtain a satisfactory supercharging effect.
Under a high speed engine operation wherein the quan-
tity of the exhaust gas is large, the shut-off valve is
opened so that the exhaust gas is allowed to flow
through both the main and auxiliary passages to thereby
allow an increased quantity of exhaust gas to pass
through the ezhaust gas turbine.

In the Japanese patent application, the shut-off valve
In the bypass passage is controlled in accordance with
the engine speed. More specificaily, the shut-off valve is
closed as long as the engine speed is below a predeter-
mined value. As the engine speed increases with the
shut-off valve closed and the intake pressure is in-
creased beyond a certain value, the bypass valve is
opened so that an excess amount of exhaust gas is by-
passed to thereby maintain the intake pressure at a sub-
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stantlally constant value. As the engine speed is further
increased to the forementioned predetermined value
and the quantity of the bypassed exhaust gas is further
increased, the shut-off valve is opened. The quantity of
the bypassed exhaust gas 1s then abruptly decreased but
the aforementioned predetermined value is chosen so
that there still exists some amount of bypassed excess
gas when the shut-off valve is opened. With this con-
trol, 1t becomes possible to avoid an abrupt change in
the supercharged intake pressure when the shut-off
valve 1s opened.

It should however be noted that the control of the
shut-off valve as proposed by the Japanese patent appli-
cation i1s disadvantageous in that the quantity of the
bypass gas increases to a substantial value before the
shut-off valve is opened so that the engine output is
gradually decreased as the engine speed increases. As
the result, when the engine speed reaches the aforemen-
tioned predetermined value and the shut-off valve is
opened, there i1s produced an abrupt increase in the
engine output so that a so-called torque shock is pro-
duced.

It should further be noted that the control of the
shut-off valve only by the engine speed is not advisable
because the rate of increase in the supercharged intake
pressure 1S dependent on the opening of the engine
throttle valve. Therefore, under an engine operation
with a small throttle valve opening, there will be a
possibility that the intake pressure decreases to a value
wherein the bypass valve is closed when the shut-off
valve 1s opened. Thus, there will be produced as abrupt
change in the engine output torque.

SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to
provide an engine turbo-supercharger having control
valve means for changing the effective area of the ex-
haust gas passage leading to the exhaust gas turbine and
control means for controlling the control valve means
so that the opening and closing of the control valve

means are effected at timings wherein an abrupt change
In the engine output torque is avoided.

A further object of the present invention is to provide
an engine turbo-supercharger control system wherein
the effective area of the exhaust gas passage leading to
the exhaust gas turbine is changed at an appropriate
timing so that an abrupt change in the engine output
torque is avoided.

According to the present invention, the above and
other objects can be accomplished by an engine turbo-
supercharger including exhaust gas turbine means pro-
vided in exhaust gas passage means of an engine, com-
pressor means provided in intake passage means of said
engine and adapted to be driven by said turbine means,
variable nozzle means provided in said exhaust gas pas-
sage means upstream the turbine means for changing an
effective area of the exhaust gas passage means leading
to said turbine means, said variable nozzle means having
a first position wherein a smaller effective passage area
1s provided and a second position wherein a larger ef-
fective passage area is provided, bypass passage means
provided in said exhaust gas passage means and bypass-
ing said turbine means, bypass valve means for opening
sald bypass passage means when the intake pressure of
sald engine increases beyond a predetermined value so

that the intake pressure is maintained below the prede-
termined value, CHARACTERIZED BY engine in-
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take gas flow detecting means for detecting a physical
value relating to the engine intake gas flow, control
means for discriminating an engine operating condition
wherein the engine intake pressure becomes said prede-
termined value when said variable nozzle means is in
the second position and moving said variable nozzle
means to said second position when said engine operat-
ing condition is detected.

According to the aforementioned features of the pres-
ent invention, it is possible to avoid an abrupt change in
the engine output torque when the shut-off valve means
1s opened. When the shut-off valve is opened earlier
than this timing, the supercharged intake pressure be-
comes lower than the predetermined value when the
shut-off valve means is opened. Therefore, there will be
produced an abrupt change in the engine output torque.
If the shut-off valve means is opened later than this
timing, the engine output is started to decrease before
the shut-off valve means is opened due to an increase in
the exhaust gas pressure and the engine output is sud-
denly increased when the shut-off valve means is
opened due to a decrease in the exhaust gas pressure.

According to another feature of the present inven-
tion, there is provided an engine turbo-supercharger
including exhaust gas turbine means provided in engine
exhaust gas passage means, compressor means provided
In engine intake passage means and adapted to be driven
by said turbine means, said exhaust gas passage means

. being divided into a plurality of passages which are
- leading to said turbine means, at least one of said pas-

sages being provided with shut-off valve means, means
for providing a control line which divides the engine

operating range into a high speed, high load region and
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a low speed, light load region and closing said shut-off 35

valve means when the engine operating condition is in
said low speed, light load region and opening said shut-
off valve means when the engine operating condition is
- 1n said high speed, high load region, CHARACTER-
- IZED BY THE FACT THAT said shut-off valve
~ means includes valve member means arranged for

“-movement between a closed position wherein it closes

satd one passage and an open position wherein it is
moved against an exhaust gas flow in said exhaust gas
passage means away from said one passage, control
means being provided for opening said shut-off valve
means even under said low speed, light load region
when the engine speed is above a predetermined value.

The above and other object and features of the pres-
ent invention will become apparent from the following
descriptions taking reference to the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic drawing showing an engine
supercharging system in accordance with one embodi-
ment of the present invention;

FIG. 2 is a diagram showing the relationship between
the supercharged intake pressure and the engine speed:;

F1G. 3 is a diagram showing the relationship between
the engine output torque and the engine speed;

FI1G. 4 is a diagram showing the control region in
terms of the engine output torque and the engine speed;

F1G. § 1s a diagram showing the relationship between
the exhaust gas pressure and the engine speed; and,

FIG. 6 is a program flow chart showing one example
of the control in the present invention.
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DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to the drawings, particularly to FIG. 1,
there 1s shown an engine 1 having an intake passage for
introducing the intake air through an air-cleaner 2 and
intake ports 3 into combustion chambers. The engine
further includes an exhaust passage 6 which leads com-
bustion gas in the combustion chamber from exhaust
ports 3 to the atmosphere. In the intake passage 4, there
are provided an intake air flow detector 7 which may be
of any known type for detecting the quantity of the
intake air flow, and a throttle valve 8 located down-
stream the air flow detector 7. Downstream the throttle
valve 8, the intake passage 4 is formed with a surge tank
9 which is connected with respective ones of the com-
bustion chambers. In the intake ports 3, there are pro-
vided fuel injection valves 3a. It should further be noted
that the exhaust passage 6 is provided with an exhaust
gas purifier and an exhaust noise attenuator as is well
known in the art, although not shown in the drawing.

The engine 1 further has an exhaust gas turbo-super-
charger 10 which is provided between the intake pas-
sage 4 and the exhaust passage 6. The supercharger 10
includes a compressor or blower 11 located in the intake
passage 4 and an exhaust gas turbine 12 located in the
exhaust passage 6. The blower 11 and the turbine 12 are
connected with each other by means of a turbine shaft
13. The turbine 12 is driven by the exhaust gas passing
through the exhaust passage 6 and the rotation of the
turbine 12 is transmitted through the shaft 13 to the
blower 11, so that the blower 11 is rotated to compress
the intake air.

The turbine 12 of the supercharger 10 includes a
turbine casing 12a formed with a turbine scroll 126 and
a rotor chamber 12¢ wherein a turbine rotor 124 is
rotatably supported. The turbine scroll 124 is divided
Into two passages which open to the rotor chamber 12¢
through nozzles 14. The divided passages in the turbine
scroll 1256 are communicated with the exhaust passage 6
through a main passage 16 and an auxiliary passage 17
which are separated by a partition wall 15. At the up-
stream end of the auxiliary passage 17, there is a shut-off
valve 18 which closes the passage 17. The shut-off valve
18 is swingably supported so that it is movable from the
closed position shown in FIG. 1 toward upstream side
to open the passage 17. For moving the shut-off valve
18 between the closed and open positions, there is pro-
vided an actuator 19.

As shown in FIG. 1, the actuator 19 includes a pres-
sure chamber 192 which is defined by a pressure-sensi-
tive diaphragm 195. The surge tank 9 is connected with
the pressure chamber 19a of the actuator 19 through a
conduit 22 having a one-way valve 20 and a control
valve 21 so that a negative air pressure is created in the
pressure chamber 192. When the intake pressure is neg-
ative, the diaphragm 194 is moved in a direction which
decreases the volume of the pressure chamber 19a. In
the pressure chamber 19q, there is provided a spring 19¢
which forces the diaphragm 1956 against the negative
pressure in the chamber 19a. The diaphragm 195 is
connected through a rod 194 with the shut-off valve 18.
It will therefore be understood that, when the negative
pressure 1s introduced into the pressure chamber 19¢,
the diaphragm 196 is moved under the negative pres-
sure toward right in FIG. 1 to force the shut-off valve
18 to the closed position.
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The control valve 21 includes an inlet port 21a which
1s connected through the one-way valve 20 with the
surge tank 9, an outlet port 214 connected with the
pressure chamber 19a of the actuator 19 and an atmo-
spheric pressure port 21¢ which is opened to the atmo-
sphere. The control valve 21 further has a valve mem-
ber 21d which is adapted to connect the port 215 alter-
nately with the port 21a or the port 21c. When the valve
member 214 is in the on position wherein the port 215 is
connected to the port 21a, the pressure in the surge tank
9 1s introduced into the pressure chamber 194; however,
when the valve member 214 is in the position off
wherein the port 216 is opened to the port 21c, the
atmospheric pressure is introduced into the pressure
chamber 194, so that diaphragm 194 is moved toward
left in FIG. 1 to move the shut-off valve 18 to the open
position. The one-way valve 20 functions to prevent a
positive pressure from being transmitted to the pressure

10

15

chamber 195. It will therefore be understood that when

the engine intake pressure is of a positive value and the
valve member 214 is still in the position of connecting
the port 216 with the port 21a, a negative pressure is
entrapped in the pressure chamber 19a¢ to maintain the
shut-off valve in the closed position.

In FIG. 1, it will further be noted that turbine casing
12a is formed with a bypass passage 23 which opens the
main passage 16 directly to the atmosphere bypassing
the turbine 12. At the inlet port of the bypass passage 23,
there is provided a bypass valve 24 which is operated by
an actuator 25 to move between a closed position and an
open position. The actuator 25 includes a pressure-sensi-
tive diaphragm 256 which defines a pressure chamber
25a. Further, the diaphragm 255 is connected with the
valve 24. The pressure chamber 25a¢ is connected
through a conduit 26 with the intake passage 4 so that
the intake pressure is introduced into the chamber 25a.
When the engine intake pressure is of a negative value,
the diaphragm 255 is drawn in the direction of closing
the valve 24. A spring 25¢ is provided to force the dia-
phragm 25b in the direction of closing the valve 24.
When the intake pressure increases beyond a predeter-
mined value, the diaphragm 255 is moved against the
force of the spring 25¢ to open the valve 24. With the
function of the bypass valve 24, it becomes possible to
maintain the maximum value of the intake pressure at
the predetermined value.

In order to operate the control valve 21, there is
provided a control circuit 27 which applies a control
signal to the control valve 21 to move the valve member
214 to one of the two positions previously mentioned.
The control circuit 27 receives an intake air flow signal
I from the detector 7. Further, the control circuit 27
receives signals g and h from an engine speed detector
28 and an acceleration detector 29 and produces a con-
trol signal e which is applied to the control valve 21.

In operation, when the engine is in the low speed
region so that the supercharged intake pressure is below
a predetermined value Po as shown in FIG. 2, both the
shut-off valve 18 and the bypass valve 24 are closed. As
the engine speed increases, the intake pressure is in-
creased along a line I as shown by a in FIG. 2 until the
intake pressure reaches the value Po. When the intake
pressure reaches the value Po, the bypass valve 24 is
opened so that a part of the exhaust gas is passed
through the bypass passage 23. Thus, the intake pres-

sure 1S maintained substantially constant as shown by b
in FIG. 2. |
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As the engine speed increases, the intake air flow
increases and, when the intake air flow reaches a value
Qo, the control circuit 27 produces the control signal e
which is applied to the control valve 21. Thus, the
atmospheric pressure is introduced into the pressure
chamber 194 of the actuator 19 so that the shut-off valve
18 1s moved to the open position. The value Qo at
which the shut-off valve is opened is determined so that
the valve 18 is opened at a timing wherein the intake
pressure reaches the aforementioned predetermined
value Po. For example, where the throttle valve 8 is in
the full open position, the value Qo of the intake air
flow corresponds substantially to the engine speed No
in FIG. 2 where the line II intersects the predetermined
pressure line Po. By opening the shut-off valve 18 sub-
stantially at the intake air flow Qo, it is possible to main-
tain the engine output torque substantially equal before
and after the opening of the shut-off valve. If the shut-
off valve 18 is opened before the intake air flow in-
creases to the value Qo, the supercharged intake air
pressure decreases below the value Po, so that there

‘will be a decrease in the engine output torque. If the

shut-off valve is opened after the intake air flow is in-
creased above the value Qo, there will be a sudden
increase in the engine output torque since the exhaust
gas pressure 1s at an increased value as will be noted in

FIG. 5 and there will be a sudden decrease in the ex-
haust gas pressure when the shut-off valve is opened.
Referring to FIG. 3, it will be noted that when the
shut-oft valve is closed, the engine output torque
changes as shown by the torque curves I', whereas
when the shut-off valve 18 is opened, the engine output
torque changes as shown by the torque curves II'. The
curves a show the engine output torque changes when
the engine throttle valve is fully opened. The curves b
show the engine output torque changes when the engine
throttle valve 1s in the medium opening position,

- whereas the curves ¢ show the engine output torque
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changes when the engine throttle valve is in minimum
opening position. It will be noted that, when the engine
throttle valve is fully open, the curves I' and II’ inter-
sect at the engine speed No where the intake air flow is
Qo. Therefore, if the shut-off valve 18 is opened at an
engine speed lower than No, there will be a decrease in
the engine output torque as shown by an arrow in FIG.
3. Further, if the shut-off valve 18 is opened at an engine
speed higher than the value No, there will be an in-
crease 1n the engine output torque as shown by an
arrow in FIG. 3. It will therefore be understood that it
is recommendable to open the shut-off valve 18 substan-
tially at the engine speed No where the intake air flow
1s Qo.

It should be noted that the position where the torque
curves I’ and II' intersect i1s independent from the en-
gine speed but is determined by the quantity of the
exhaust gas which flows through the exhaust gas tur-
bine which is substantially proportional to the intake air
flow. Therefore, the torque curves I' and II’ intersect
whenever the intake air flow is at a predetermined value
irrespective of the engine operating condition. As
shown in FIG. 3, the point of intersection between the
torque curves I’ and [I' moves along a curve III, so that
the curves I’ and II intersect at a higher engine speed
under lower engine output torque. Thus, it is recom-
mendable to open the shut-off valve 18 when the engine
operating condition crosses the curve III shown in FIG.
3. The control is advisable because it becomes possible
to obtain an increased engine output in a wide engine
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operating range without producing a torque shock
when the shut-off valve 18 is opened.

As described, it 1s recommendable to open the shut-
off valve 18 when the engine operating condition
crosses the curve which represents the engine operating
condition wherein the intake air flow is at a predeter-
mined value Qo which corresponds to the engine intake

pressure wherein the bypass valve 24 starts to open

when the shut-off valve 18 is opened. It should however
be noted that in actual practice there will be a certain
delay in opening movement of the shut-off valve 18, so
that there may be set up a control line which is shifted
slightly toward a low intake air flow side from the line
representing the quantity Qo.

In the illustrated embodiment, the shut-off valve 18 is
structured so that it 1s opened against the exhaust gas
flow in the exhaust passage 6. Further, the exhaust gas
pressure increases as the engine speed increases as
shown in FIG. §. It is therefore possible in a light load,
high speed range as shown by a shadowed area X in
FIG. 4 that the exhaust gas pressure is so high that the
shut-off valve 18 cannot be opened against the exhaust
gas flow. These light load, high speed range is a condi-
tion wherein a high intake pressure is not required be-
cause such condition usually occurs in deceleration. In
the illustrated embodiment, the control circuit 27 there-
fore produces a control signal e under the engine speed
N3 even when the engine operating condition is in the
lower intake air flow side than the line III representing
the intake air flow Qo. It is preferable to determine the

- engine speed N3 as a speed at which the line IIT inter-
- " sects a line VI which represents a normal engine operat-

ing condition wherein the engine is neither in accelera-

tion nor in deceleration. The control line is shown in
FI1G. 4 by a character IV.

In order to prevent hunting, it is also advisable to
provide a hysterisis in controiling the shut-off valve 18.

- For the purpose, control lines V and IV’ are provided as

- shown in FIG. 4. Those lines are shifted from the lines
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-~ HI and 1V toward the low speed side and the shut-off 40
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-~ valve 18 is opened when the engine speed increases
..across the control lines III and IV but closed when the

- engine speed decreases across the control lines V and

IV'. It may be possible that the opening of the shut-off
valve 18 will be delayed due to the pressure of the
exhaust gas under a rapid acceleration. If such condition
occurs, there may be produced a sudden decrease in the
engine output torque when the shut-off valve 18 is
opened. In order to avoid such a problem, the control
circuit 27 receives the rapid acceleration signal h from
the detector 29 and functions to shift the shut-off valve
opening lines III and IV toward the low speed side to,
for example, the position of the lines V and IV".

In the above descriptions, the control is carried out
under the intake air flow signal from the detector 7;
however, an exhaust gas flow quantity signal or a signal
representing the exhaust gas pressure downstream the
turbine 12 may be used in lien of the intake air flow
signal. Further, a control map may be provided based
on the engine load, such as the throttle valve position,
and the engine speed and the shut-off valve 18 may be
controlled in the region substantially corresponding to
the line representing the intake air flow Qo.

An example of the control in accordance with the
present invention is shown in the program flow chart is
FIG. 6.

As should be apparent from this figure, the intake air
flow Qa, the acceleration rate and the engine speed are
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first read and a judgment is then made as to whether the
engine speed N is greater than the value N3 which is
shown in FIG. 4. If the engine speed N is greater than
N3, the control (solenoid) valve 21 is maintained in an
OFF posttion so that the valve 18 is opened to the atmo-
sphere. When the engine speed is not greater than the
value N3, a further judgment is made as to whether the
engine 11s under an acceleration. If the engine is under
an acceleration, a value Q1 is used for the reference
value Q, which is compared with the intake air flow Qa.
In a case where the intake air flow Qa is greater than the
reference value Q, the control valve 21 is held in the
OFF position to open the valve 18. If the intake air flow
Qa 1s not greater than the reference value Q, the control
valve 21 is moved to the ON position to close the valve
18. When the engine is not under acceleration, a value
Qo which 1s smaller than the value Ql is used for the
reference value Q and the same procedure is repeated.

The invention has thus been shown and described
with refence to a specific embodiment, however, it
should be noted that the invention is in no way limited
to the details of the described arrangements but changes
and modifications may be made without departing from

the scope of the appended claims.

What is claimed:

1. An engine turbo-supercharger including exhaust
gas turbine means provided in exhaust gas passage
means of an engine, compressor means provided in
intake passage means of said engine and adapted to be
driven by said turbine means, variable nozzle means
provided in said exhaust gas passage means upstream
the turbine means for changing an effective area of the
exhaust gas passage means leading to said turbine

means, said variable nozzle means having a first position
wherein a smaller effective passage area is provided and
a second position wherein a larger effective passage

area 1s provided, bypass passage means provided in said
exhaust gas passage means and bypassing said turbine
means, bypass valve means for opening said bypass
passage means when the intake pressure of said engine
increases beyond a predetermined value so that the
intake pressure is maintained below the predetermined
value, characterized by control means for detecting an
engine operating condition wherein the engine intake
pressure becomes said predetermined value when said
variable nozzle means is in the first position and moving
said variable nozzle means to said second position when
said engine operating condition is detected.

2. An engine turbo-supercharger in accordance with
claim 1 in which said control means includes means for
moving said variable nozzle means to said second posi-
tton when the intake gas flow is increased and reaches a
first predetermined value under said engine operating
condition and moving said variable nozzle means to said
first position when said intake gas flow is decreased and
reaches a second predetermined value which is smaller
than said first predetermined value.

3. An engine turbo-supercharger in accordance with
claim 1 in which said control means includes means for
moving said variable nozzle means to said second posi-
tion when the intake gas flow is increased and reaches a
first predetermined value under said engine operating
condition, and for detecting an engine rapid accelera-
tion and moving said variable nozzle means to said first
position when the rapid acceleration is detected and the
intake gas flow is increased to a second predetermined

value when is smaller than said first predetermined
value.
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4. An engine turbo-supercharger in accordance with
claim 1 in which means is provided for moving said
variable nozzle means to said second position when the
intake gas flow is increased and reached to a second
predetermined value which is smaller than said prede-
termined value.

3. An engine turbo-supercharger in accordance with
claim 4 in which said control means further includes
means for moving said variable nozzle means to said
first position when said intake gas flow is decreased and
reached to a second predetermined value which is
smaller than said first mentioned predetermined value.

6. An engine turbo-supercharger in accordance with
claim 1 in which said variable nozzle means includes a
plurality of passages which are provided in said exhaust
passage means upstream said turbine and separated from
each other and shut-off valve means is provided in at
least one of said passages. |

7. An engine turbo-supercharger in accordance with
claim 6 in which means is provided for moving said
variable nozzle means ot said second position when the
intake gas flow is increased and reached to a second
predetermined value which is smaller than said prede-
termined value.

8. An engine turbo-supercharger in accordance with
claim 2.in which said control means further includes
means for moving said variable nozzle means to said
first position when said intake gas flow is decreased and
reached to a second predetermined value which is
smaller than said first mentioned predetermined value.

9. An engine turbo-supercharger in accordance with
claim 8 in which said shut-off valve means includes a
vaive member which is adapted to be moved from a
closed position to an open position against an exhaust
gas stream In said exhaust passage means. |

10. An engine turbo-supercharger in accordance with
claim 7 in which said shut-off valve means includes a

valve member which is adapted to be moved from a

closed position to an open position against an exhaust
gas stream 1n said exhaust passage means.

11. An engine turbo-supercharger in accordance with
claim 10 in which said control means includes means for
moving said shut-off valve means to said second posi-

tion under an engine speed higher than a predetermined
value.
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12. An engine turbo-supercharger comprising turbine

means provided in engine exhaust passage means, com-

pressor means provided in engine intake passage means

- and adapted to be driven by said turbine means, said

exhaust passage means including a plurality of passages
leading to said turbine means, shut-off valve means
provided in at least one of said passages, bypass passage
means provided in said exhaust passage means and by-
passing said turbine means, waste gate valve means
provided 1n said bypass passage means and adapted to
be opened at a predetermined value of engine intake
pressure to maintain the maximum value of said intake
pressure to said predetermined value, characterized by
means for detecting a specific engine operating condi-
tion wherein at least under a high output engine opera-
tion the engine output torque with said shut-off valve
means closed becomes substantially equal to the engine
output torque with said shut-off valve means open, and
control means for moving said shut-off valve means
when said specific engine operating condition is
reached.

13. An engine turbo-supercharger in accordance with
claim 12 in which said specific engine operating condi-
tion is a condition wherein the intake pressure reaches
said predetermined value with said shut-off valve
closed.

14. An engine turbo-supercharger in accordance with
claim 12 in which said specific engine operating condi-
tilon 1S a condition wherein engine intake air flow is
substantially constant.

15. An engine turbo-supercharger in accordance with
claim 12 in which said engine operating condition de-
tecting means 18 means for detecting engine intake air

- tlow.
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16. An engine turbo-supercharger in accordance with
claim 12 in which said shut-off valve means includes a
valve member which is adapted to be moved from a
closed position to an open position against an exhaust
gas stream in said exhaust passage means.

17. An engine turbo-supercharger in accordance with
claim 16 in which said control means includes means for
moving said shut-off valve means to said open position
under an engine speed higher than a predetermined

value.
x Ax F *x* L |
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